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Abstract — The purpose of this paper is to study the 
performance of a magnetic fluid based squeeze film between 
rough parallel plate slider bearing. The lubricant used here is a 
magnetic fluid and the external magnetic field is oblique to the 
lower plate. The bearing surfaces are assumed to be 
longitudinally rough. The roughness of the bearing surfaces is 
modeled by a stochastic random variable with nonzero mean, 
variance and skewness. Efforts have been made to average the 
associated Reynolds equation with respect to the random 
roughness parameter. The concerned non-dimensional equation 
is solved with appropriate boundary conditions in dimensionless 
form to obtain the pressure distribution. This is then used to get 
the expression for load carrying capacity. The results are 
presented in tabular form as well as graphically. The results 
shows that load carrying capacity decreases with respect to 
roughness mean and skewed roughness. It establishes that the 
performance of the bearing system gets enhanced due to the 
magnetic fluid lubricant. However, negatively skewed roughness 
increases the load carrying capacity. This increased load 
carrying capacity gets further increased when negative variance 
is involved. The study reveals that there is ample opportunities 
for improving the performance of the bearing system by 
choosing suitable values of magnetization parameter. This study 
makes it clear that the negative effect of the roughness can be 
minimized by the positive effect of the magnetization. Thus, 
while designing such bearing system, the roughness must be 
given sufficient consideration. 

Index Terms — Load carrying capacity, Longitudinal 
roughness, Magnetic fluid, Parallel plates, Reynolds equation, 
Squeeze film. 

I. INTRODUCTION 

As we know that bearing is a vital part of the machine and 
therefore, the performance of the bearing is directly 
connected to the performance of a machine element to a great 
extent. In the current age of technology of machines, 
lubrication and bearing play a pivotal role from the view of 
longevity of the machine and conservation of energy. Bearing 
surfaces, particularly after having some run in and wear, 
develop roughness. In many practical situations involving 
mechanical elements, in addition to the roughness of the 
contact surface pockets are also encountered in the form of 
dents and cavities which result from the wearing of material 
due to rotator motion in several cases. 

The slider bearing is the simplest and frequently 
encountered among the hydrodynamic bearings. Probably, 
this is due to the fact that the expression for film thickness is 
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simple and the boundary conditions required to be zero at the 
bearing ends are less complicated. In slider bearings, the film 
is non-diverging and continuous as a result of which the 
problem of negative pressure does not arise. Such bearings 
are designed to support the axial loads. Exact solutions of 
Reynolds equation for slider bearings with various simple 
film geometries are presented in a number of books and 
research papers (Cameron [1], Archibald [2], Lord Rayleigh 
[4]). Prakash and Vij [5] analyzed the hydrodynamic 
lubrication of a plane inclined slider bearing taking different 
geometries into consideration. Patel and Gupta [6] extended 
the above analysis of Prakash and Vij [5] by incorporating 
slip velocity. They proved that in order to increase the 
performance of the bearing system the value of the slip 
parameter deserved to be minimized. 

Because of the use of squeeze film slider bearings in clutch 
plates, automobile transmissions and domestic appliances 
many investigators (Prakash and Vij [5], Bhat [7], Bhat and 
Patel [8]) dealt with the problem of squeeze film slider 
bearing. The problem of squeeze film behavior between 
porous circular plates was analyzed by Murti [9]. The well 
known Morgan- Cameron approximation was used by 
Prakash and Vij [5] to study the problem of the squeeze film 
wherein various geometries were involved. The squeeze film 
behavior between rotating porous annular disks was studied 
by Wu [13]. 

The squeeze film lubrication phenomenon is observed in 
several applications such as gears, bearings, machine tools, 
rolling elements and automotive engines. The squeeze film 
action is also seen during approach of faces of disc clutches 
under lubricated condition. The squeeze film phenomenon 
arises when the two lubricating surfaces move towards each 
other in the normal direction and generates a positive 
pressure, and hence supports a load. This is due to the fact that 
a viscous lubricant present between the two surfaces cannot 
be instantaneously squeezed out when the two surfaces move 
towards each other and this action provides a cushioning 
effect in bearings. The squeeze film lubrication between two 
infinitely long parallel plates is studied by Cameron[21]. 

However, bearing surfaces could be roughened through the 
manufacturing process, the wear and the impulsive damage. 
To account for the effect of surface roughness, Christensen 
[14, 15] utilized a stochastic concept and introduced an 
averaging film model to lubricated surfaces with straightened 
roughness. The stochastic Reynolds type equations of rough 
bearing was derived and applied to investigate the effects of 
surface roughness on the bearing performance characteristics. 

Agrawal [16] considered the configuration of Prakash 
and Vij [5] in the presence of a magnetic fluid lubricant 
and found its performance better than the one with 
conventional lubricant. Bhat and Deheri [17] extended the 
analysis of Agrawal [16] by investigating a magnetic fluid 
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based porous composite slider bearing with its slider 
consisting of an inclined pad and a flat pad. Magnetic 
fluid increased the load carrying capacity and unaltered 
the friction and shifted the centre of pressure towards the 
inlet. Bhat and Deheri [17] discussed a general porous 
slider bearing with squeeze film formed by a magnetic 
fluid. Here also, it was found that the load carrying 
capacity rose sharply owing to the magnetic fluid 
lubricant. This is an attempt to study the performance of a 
magnetic fluid based squeeze film in a longitudinally rough 
parallel plate slider bearing. 

II. Analysis 

The figure represents geometry and configuration of the 
bearing system. Here h stands for film thickness, X and Y are 
two axes and Z-axis is perpendicular to the plane of the paper 
at the origin. 


density 


function 



X 


Roughne is 


Fig.l Bearing configuration 


The lubricant film is considered to be isoviscous and 
incompressible and the flow is laminar. A magnetic fluid is 
used as the lubricant. The magnetic field is oblique to the 
lower plate as considered in Agrawal [16] and Deheri and 
Jimit [3]. In Prajapati [18] the effect of various forms of the 
magnitude of the magnetic field on the squeeze film 
performance has been discussed in details. Following 
Prajapati [18] and Bhat [19] the magnitude of the magnetic 
field is considered as 

M 2 =KL 2 (±-X) stag + Jf) (1) 

where K is suitably chosen so as to have a magnetic field of 
strength over 1G = Bhat and Deheri[8]. The bearing surfaces 
are assumed to be longitudinally rough. Under the usual 
assumptions of hydrodynamic lubrication the governing 
Reynolds’ equation 

(Bhat [7], Prajapati[18], Deheri, Andharia and Patel [21]) in 
the present case is given by 

Following Christensen and Tonder [15,16] the thickness h(x) 
of the lubricant film is considered as 

h(x) = h(x) F h s (3) 

where h 6J is the mean film thickness and h s is the 
deviation from the mean film thickness characterizing the 
random roughness of the bearing surfaces. h s is considered 
to be stochastic in nature and governed by the probability 


=£(*-£) 


(4) 

elsewhere 

where c is the maximum deviation from the mean film 
thickness. The variance a, the standard deviation a and the 
parameter 8, which is the measure of symmetry of the 
random variable h are defined by the relationships 

a = E(h s } 9 


a 1 = E[(h s - e) 2 ] and £ = El(h s - e) 3 ] 


where E denotes 
E(J0 = f(hJdk, 


the expected value 


by 


defined 

J - r ■“■■■. -£ ( 5 ) 

Applying averaging process discussed above the Reynolds’ 
equation turns out to be 


2 jj fa \ fa \ 





(6) 


where 

mCh) = ft. -3 — 3 h~*a -f 6fr _5 (a 2 Fa 2 ) — 10fr” :3 (F f 

3 a 2 a F e 3 ) 

(7) 

while is the lubricant viscosity, is the magnetic 
susceptibility, tl is the free space permeability. 

One can conclude from the above equation that the 
magnetic fluid lubricant produces pressure in the film even in 
the absence of squeeze velocity unlike the conventional 
lubricant. 

Assuming infinite breadth in the direction Z and integrating 
Equation (6) with respect to x one obtains, 
u d uM 2 

p = — — GajE/mQO x 2 F c t x F c 2 (Bj 

where c t and c 2 are constants of integrations. 

The associated boundary conditions are p = 0 at x = F ^ 

Using these conditions and finding integrating constants , we 
have 

UruM 2 f 1 x 2 \ 

V = F> — + 6 *) Um &) L (4 - ]T J 

Introducing the non dimensional quantities, 
fr 3 x . _ 

!■ i * = ~^rr~ .P = ~^rr,X = - 3 =M(K) 

f }U f}UL 2 L 

M(h) = 1 — 3a F 6 Co 7 z F e 2 ) - 10 (i F 3e z c F e 3 ) 
the pressure distribution in dimensionless form is obtained as 

( 10 ) 

The dimensionless load carrying capacity of the bearing is 
given by 

^ = 7 Ci - + M(h) (ii) 


12ijLT 1 (2) 

where w = J \ p dx 


III. Results and Discussions 

It is clear that the non-dimensional pressure distribution is 
determined from Equation (10) while the distribution of 
dimensionless load carrying capacity is given by the equation 
(11). From this equation it is clearly seen that the 
dimensionless load carrying capacity is increased by 

(l — srnlj due to magnetic fluid lubricant. 
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To analyze quantitative effect of various parameter such as 
magnetization parameter a*, roughness parameters a , a and 
8 on the performance of the bearing, dimensionless load 
carrying capacity is computed numerically for different 
values of these parameters. Results are presented in tables I, II 
and III and graphically in figures 2 to 7. 

Table I shows the effect of roughness mean cs on the 
dimensionless load carrying capacity for the various value of 
standard deviation parameter a. This suggests that the load 
carrying capacity decreases sharply as value of a and cs 
increases. Table II gives the load carrying capacity for various 
values of a and dT.This suggests that the load carrying 
capacity slightly increases as value of & and ,u“ increases. 
Table III gives the load carrying capacity for various values of 
cs and a*. This suggests that the load carrying capacity 
decreases sharply as value of ra and a "increases. 


Table I 


Variation of load carrying capacity with respect to & and c 


a 

Of =- 0.02 

Of =- 0.01 

a =o 

Of = 0.01 

a = 0.02 

0.02 

2.178763 

1.627563 

1.256363 

1.005163 

0.813963 

0.04 

2.193163 

1.638363 

1.263563 

1.008763 

0.813963 

0.06 

2.217163 

1.656363 

1.275563 

1.014763 

0.813963 

0.08 

2.250763 

1.681563 

1.292363 

1.023163 

0.813963 

0.1 

2.293963 

1.713963 

1.313963 

1.033963 

0.813963 


Table II 


Variation of load carrying 


capacity with respect to ct and 


a 

^*=0 

. 61 * = 0.02 

5 

, u *= 0.05 

U * = 0.07 

5 

[ i * = 0.1 

0.02 

0.81 

0.811981 

0.813963 

0.815944 

0.817925 

0.04 

0.81 

0.811981 

0.813963 

0.815944 

0.817925 

0.06 

0.81 

0.811981 

0.813963 

0.815944 

0.817925 

0.08 

0.81 

0.811981 

0.813963 

0.815944 

0.817925 

0.1 

0.81 

0.811981 

0.813963 

0.815944 

0.817925 


Table III Variation of load carrying capacity with respect to 


cs and a* 




4 

4 

4 


a 

"c 

II 

o 

=0.025 

,u =0.05 

P =0.075 

II 

o 

- 0.2 

2.2132 

2.2052 

2.217163 

2.219144 

2.221125 

- 0.1 

1.6524 

1.6514 

1.656363 

1.658344 

1.660325 

0 

1.2716 

1.2716 

1.275563 

1.277544 

1.279525 

0.1 

1.0108 

1.0118 

1.014763 

1.016744 

1.018725 

0.2 

0.81 

0.818 

0.813963 

0.815944 

0.817925 



and cs 



and c 



Fig. 5. Variation of load carrying capacity with respect to o 
and t 
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Fig. 2. Variation of load carrying capacity with respect to ft* Fig. 6. Variation of load carrying capacity with respect to cs 
and u and ^ 
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Fig. 7. Variation of load carrying capacity with respect to e 
and e 


Figure 2 represents the profile of load carrying capacity 
with respect to ,u"for various values of e. It shows that load 
carrying capacity increases significantly for various values of 

and e. Figures 3 and 4 present the profile of load carrying 
capacity with respect to u"for various values of e and 
These figures suggest that the effect of roughness mean and 
skewness is almost negligible as far as load carrying capacity 
is concerned. Figures 5 also represents the profile of load 
carrying capacity with respect to e for various values of 
These figure suggest that the effect of skewness is almost 
negligible as far as load carrying capacity is concerned. 
Figures 6 and 7 gives the effect of a on load carrying capacity 
for various values of a and s. These figure suggest that the 
load carrying capacity decreases sharply due to roughness 
mean a. This shows that the variation of non- dimensional 
load carrying capacity with respect to the magnetization 
parameter for different values of a , a and s. It is seen from 
these figures that the load carrying capacity increases sharply 
with increasing value of roughness parameter a , a and 8. 

The effect of standard deviation can be observed from 
Figure 6 and Figure 7. It should be observed that the standard 
deviation has an adverse effect in the sense that the load 
carrying capacity decreases considerably due to the standard 
deviation. 


IV. CONCLUSIONS: 

This study makes it mandatory that the roughness must be 
given due consideration while designing the bearing system 
even if suitable value of the magnetization parameter is 
chosen. This is all the more necessary from the bearings’ life 
period point of view. This investigation further reveals that 
the bearing can support a load even when there is no flow. 


REFERENCES 

[1] Cameron, A .'.Principles of lubrication, Longmans, London, 1966. 

[2] Archibald, F.R .'.Load capacity and time relation for squeeze films. 
Jour. Basic Engg. Trans., ASME. ,Ser. D78, pp.23 1-245, 1956 

[3] G.M.Deheri and Jimit R Patel, ‘Magnetic fluid based squeeze film in a 
rough porous parallel plate slider bearing’. ANNALS OF 
FACULTY ENGINEERING HUNEDOARA. 

[4] Lord Rayleigh: Notes on the theory of lubrication. Philosophical 
Magazino and Journal of Science, Vol.53 (1), 1918. 

[5] Prakash, J. and Vij, S.K .’.Hydrodynamic lubrication of porous slider, 
J. Mech. Engg. Sc., Vol.15, pp.232-234, 1973. 


[6] Patel, K.C. and Gupta, J.L.: Hydrodynamic lubrication of a porous 
slider bearing with slip velocity, WEAR, Vol.85, pp. 309-3 17, 1983. 

[7] Bhat, M.V .‘.Hydrodynamic lubrication of porous composite slider 
bearings, JPN Jour. Of Applied Phys . , Vol.l7,pp. 479,1978. 

[8] Bhat, M.V. and Patel, C.M.: The squeeze film in an inclined porous 
slider bearings, WEAR, Vol.66, pp. 189-193,1981. 

[9] TLTA.'.squeeze film behavior in porous circular 
disks, J.Lub.Tech., Trans. ASME, Vol.96, pp. 206-209, 1974. 

[10] Ting, L.L.: A Mathematical analog for determination of porous 
annular disk squeeze film behavior including the fluid inertia effect, 
Jour. Basic Engg.Trans.ASME,Vol.94, pp. 417-421,1972. 

[11] Ting, L.L.: Engagement behavior of lubricated porous annular 
disks, WEAR, Vol.34, pp. 159-182,1975. 

[12] Wu ,H.: The squeeze film between rotating porous annular 
disks, WEAR, Vol. 18, pp.46 1-470, 1971 

[13] Wu ,H.: Squeeze film behavior for porous annular disks. Jour. Lab. 
Tech., Trans. ASME , Vol.92, pp.593-596, 1970. 

[14] Christensen, H.: Stochastic model for hydrodynamic lubrication of 
rough surfaces, Proceedings of the Institution of Mechanical 
Engineers ,Vol.l84, pp.1013-1025, 1969-70. 

[15] Christensen, H.; Stochastic model for hydrodynamic lubrication of 
rough surfaces, Proceedings of the Institution of Mechanical 
Engineers ,Vol.l84, pp.1013-1025, 1969-70. 

[16] Agrawal, V.K.: Magnetic fluid based porous inclined slider 
bearing, WEAR, Vol.107, pp.133-139, 1980. 

[17] Bhat, M.V. and Deheri, GM.'.Porous slider bearing with squeeze 
film formed by a magnetic fluid, Pure and Applied mathematika 
sciences, Vol.39(l-2),pp. 39-43, 1995. 

[18] Prajapati, B.L.: On Certain Theoretical Studies in Hydrodynamic and 
Electro -magneto hydrodynamic Lubrication, Ph.D. Thesis, 
S.P.University, Vallabhvidya- nagar ,1995. 

[19] Bhat, M.V .’.Lubrication with a Magnetic fluid. Team Spirit(India) 
Pvt., Ltd, 2003. 

[20] Deheri, G.M., Andharia, P.I. and Patel, R.M.: Transversely rough 
slider bearings with squeeze film formed by a magnetic fluid, Int. 
J. of Applied Mechanics and Engineering, Vol. 10(1), pp. 53-76, 2005. 

[21] Cameron, A., 1981, "Basic lubrication theory ", New York, 
Wiley. 


Author Profile 



Dr P.I.Andharia, Assistant Professor, Department of Mathematics, M.K. 
Bhavnagar University, Bhavnagar, Gujarat. He has completed B.Sc. and 
M.Sc. in Mathematics from M.K. Bhavnagar University in the year 1986 
and 1988 respectively. He has completed Ph.D. from Sardar Patel 
University, V.V.Nagar in the year 2001. His 20 research papers are 
published in various journals, He has presented his research papers at 
various national and international conferences. His research interest is 
Tribology in Applied Mathematics. 



Mr S.B.Lakhnotra has completed his B.Sc from Gujarat University in the 
year 1989 and M.Sc from Gujarat University in the year 1991in Applied 
Mathematics . Now he is doing his Ph.D in Tribology. His field of interest is 
Tribology in Applied Mathematics. 


51 


www.erpublication.org 


